A catalog of Cepheids in the Large Magellanic Cloud (LMC) from the ASAS project is presented. It contains data on 65 fundamental mode pulsators with periods longer than about 8 days. The period-luminosity (PL) relation in the V -band does not significantly differ from the relation determined by Soszyński et al. (2008) from the OGLE data extended toward longer periods but with much larger spread. For objects with periods longer than 40 d there is an evidence for a shallower PL relation. The rates of long-term period variations significant at 3σ level are found only for 7 objects. The rates for 25 objects determined with the 1σ significance are confronted with the values derived from stellar evolution models. The models from various sources yield discrepant predictions. Over the whole data range, a good agreement with measurements is found for certain models but not from the same source.
Introduction
Crossing of the Cepheid Instability Strip is a short but important phase of massive stars evolution. Objects in this phase reveal periods of radial pulsation, which are valuable observables. The period-luminosity (PL) relation for Cepheids for nearly a century plays a crucial role in the cosmic distance ladder. A newer application of Cepheids is probing massive star evolution through measurements of the rates of period changes (see, e.g., Pietrukowicz 2001 , Turner et al. 2006 . Bird et al. (2009) emphasize exceptional importance of long period objects, which they name Ultra Long Period (ULP) Cepheids, in both applications. Being bright, these objects are seen in distant galaxies, however the shape of the upper part of the PL relation is not yet well-established.
Open questions in the theory of massive stars concern, in particular, the rate of mass loss and the extent of mixing beyond the edge of convective core. There are related uncertainties in calculations of evolutionary tracks in the H-R diagram and life times in various phases in particular within the Cepheid instability strip. Here we find considerable differences between results presented by various authors (e.g., Schaerer et al. 1993 , Fagotto et al. 1994 , Alibert et al. 1999 , Bono et al. 2000 , Pietrinferni et al. 2006 ).
Long period Cepheids in both Magellanic Clouds are being monitored for nearly 10 years within the ASAS project (Pojmański 2002) . A part of the ASAS data has been already employed in searches for period changes in a combination with Harvard data by Pietrukowicz (2001) . The long-time data give us a chance to determine the rates of period change on the basis of the ASAS data alone by means of direct fitting of measurements. This will be done in the present paper, which is devoted exclusively to the object located in the LMC.
An extensive study of Cepheid period changes in this galaxy, based on the OGLE and MACHO data, was presented by Poleski (2008) but it was limited to objects with period below 40 days. The range of periods in the ASAS sample, which in contrast to that of the OGLE is limited from the bottom, is from 8 to 133 days. There is an overlap enabling a comparison of the results but also an extension to the interesting ULP range.
In the next section, we present an updated catalog of the LMC Cepheid in the ASAS data. Section 3 is devoted to the PL relation based on these data. In Section 4, we present our determination of period changes and confront them with values calculated for stellar models. 
Inventory of the LMC Cepheids in the ASAS data
In the ASAS catalog of fundamental mode Cepheids (available in the internet 1 ), we selected objects located within a radius of 11 • from the optical center of the Large Magellanic Cloud (Fig. 1) , which is located at RA = 5 h 19 m , Dec = -69 • 27 ′ in J2000.0 coordinates (Subramaniam 2003) .
In the specified area, we found 73 stars classified as Cepheids. After a careful inspection of the light curves, we rejected 5 objects. Another 7 objects were excluded for their distant positions in the PL plane from the classical PL relation for Cepheids. Then we looked for objects located in the same area in the sky with whose original ASAS classification was either Miscellaneous or RRab stars but classification as a fundamental mode Cepheid was given as an alternative. We added 4 objects to our list of Cepheids as they fulfilled the criteria of light curve shape and location in the PL plane.
The 65 objects which passed our selection criteria cover the period range from 8 to 133 days. Stars with shorter periods are too faint to be observed by ASAS. Only V -band data were employed in this paper. We have attempted to use the I -band data, however the number of measurements in this band was insufficient to determine meaningful light curves. Figs. 2 and 3 present the V -band light curves of all objects except of ASAS 050601-6906.3, which is very similar to ASAS 050346-6852.6. The light curves are repeated twice for clarity. We see no trend in the behavior of amplitudes with period. The lack of an apparent trend may be in part blamed to blending. Although the amplitudes of the stars are uncertain, it does not affect the accuracy of period changes which are of our main interest in this paper.
Selected data on all confirmed Cepheids are listed in Table 1 . Data in consecutive columns of the table give: ASAS star identification, OGLE and/or Harvard identifications (if available), mean V magnitude, amplitude, period, dimensionless rate of period change, signal-to-noise ratio (S/N) for the rate, and number of data points. 
Period-luminosity relation
With the data given in Table 1 , we constructed the PL diagram in V -band, which is shown in Fig. 4 . Errors in period measurements are very small (within the symbols). The linear least squares fit yields V ASAS = −2.366(±0.166) log P + 16.784(±0.239), σ = 0.31 mag.
(
This may be compared with the PL relation for single-mode Cepheids determined by Soszyński et al. (2008) on the basis of the OGLE data V OGLE = −2.762(±0.022) log P + 17.530(±0.015), σ = 0.23 mag.
The lines corresponding to these two relations are shown in Fig. 4 . The four added objects are well within 3σ of the ASAS fit which was the argument for including them to the sample. We may see that our relation is not in a significant conflict with the extension of the OGLE PL relation, which was based on the sample limited to log(P) < 1.7. The slopes differ by less than 3σ. The scatter of the ASAS luminosities is much larger, which in part is due to much smaller size of our sample and in part due to blending. The shallower slope of the ASAS relation may result from statistical bias connected with different magnitude ranges in the two samples but it is well possible that the difference reflects a real nonlinearity of the PL relation. In fact, a significant flattening of this relation in the long period range has been suggested by Bird et al. (2009). For their sample of the ULP Cepheids, they find the slope −1.09 ± 0.94 with σ = 0.40 mag. The lower period limit for these objects is log(P) = 1.9. Our sample contains only three objects above this limit. In the range extended down to log(P) > 1.6 we have 12 objects. For this sample the slope of −1.95 ± 0.65 with σ =0.38 mag, which is not in contradiction with the assessment quoted by Bird et al..
Search for evolutionary period changes
Certainly most of long-period Cepheids are objects burning helium in their convective core. Measuring rate of period changes for these objects is important because the evolution is still not fully understood. The difficulties in modeling stars in this phase of stellar evolution were first discussed by Paczyński (1970) . The problem was subsequently studied in great details by Lauternborn et al. (1971) , whose results were described in a separate chapter of the Kippenhahn and Weigert (1990) monograph. Nonetheless, considerable and difficult to explain differences between evolutionary tracks calculated by different authors are present to these days. The crucial problem is the occurrence and extent of the blue loops in this phase of evolution. We still do not know which of stellar and/or modeling parameters play the role. 
The method and results
To conduct our investigation on period changes, a modified version of Period04 (Lenz and Breger 2005) was used. Fortunately, the observed period changes are small and do not harm the effectiveness of frequency detection by Fourier techniques. The formula used for least squares fitting, however, was modified to include a parabolic frequency change,
where A 0 is the zero point in amplitude, n is the number of terms, γ is the frequency change parameter and A i , ν i , and φ i are amplitude, frequency and phase of the term i. Nonlinear least squares fits require good initial parameters; otherwise, the algorithm may get trapped in a local minimum of the χ 2 hypersurface. The discrete Fourier transform provides an initial guess for the frequencies and amplitudes. To obtain good initial values for the other parameters we used the following sequential approach: first we adopted the frequency as given by the Fourier routine, assumed γ = 0 and improved only the amplitudes and phases by means of a least squares fit. Based on this solution we determined a better initial value for the frequency change parameter γ. The modified Period04 version computed χ 2 for different test values of γ ranging within a predefined interval from −10 −6 to +10 −6 . The γ value with the lowest χ 2 was then used as initial value to compute the full least squares solution according to the formula given in Eq. (3).
To give an estimate for the confidence limits of the parameters, Period04 computed the parameter uncertainties as a byproduct of the least squares fit and, as a second independent option, through Monte Carlo simulations. Finally, the frequency change parameter, γ, was transformed to the period change dP/dt as given dP/dt = −2γ/ν 2 , taking into account error propagation.
The fact that the period change can be determined for any Cepheid is undeniable advantage of this method. Unfortunately, as we may see in Fig. 5 , in many cases uncertainties of the dP/dt are huge. In the sample of 65 Cepheids only for 7 objects the measured rates are significant at the 3σ level (S/N=3). For comparison with rates of evolutionary period changes calculated from stellar models we will use the values for 25 objects with S/N>1.
In Fig. 6 we compare uncertainties of the period change rates for all 65 objects as determined with Period04 code with the values based on Pilecki's et al. (2007) approximate expression for the uncertainty of the period change rate,
which is valid in the case of a star with the sinusoidal light curve observed N times, uniformly distributed over time T with a photometric error σ, period of a sinusoid P sin and full-amplitude A. We see a good correlation but σ P04 is 1.2 to 2 times greater than σ est . We should stress that the uncertainties may include not only the measurement errors but possibly also the effect of fast period variations arising from nonlinear effects in stellar pulsation. It is impossible to disentangle these two effects in individual cases. Poleski (2008) , who studied period changes in the LMC Cepheids in the OGLE and MACHO data, found fast variation only in 18 percent of fundamental mode pulsators. Thus, it seems unlikely that such variations are main source of the large uncertainties.
For some of our objects, we could compare our rates of period change with the results published by Pietrukowicz (2001) and Poleski (2008) . Pietrukowicz (2001) based his determination of period changes on differences between the ASAS and Harvard periods for 19 LMC Cepheids. The advantage of his approach is the long-time base but the use of period rather than phase data is the price. The comparison of the rates determined in this way with our values is shown in Fig. 7 . The agreement is satisfactory. Only in one case the difference exceeds 2σ. Figure 8 compares rates of period changes determined in the present work with the values obtained by Poleski (2008) for the OGLE data. In his determinations, he relied on the traditional O-C diagrams method and on Fourier parameter fitting, similar to ours. From his large sample, we used only rates for 7 overlapping objects with S/N>3. The agreement is again fairly good. In the two cases where larger differences between the results are seen, the uncertainty in the OGLE rates might have been underestimated (Poleski, priv. com.) . As all our predecessors, we assume that the linear period changes which we determined for the the selected 25 Cepheids yield a realistic assessment of period changes resulting solely from evolutionary changes on stellar parameters. It should be stressed, however, that it is an assumption because nonlinear effects in stellar pulsations are not yet understood well enough to exclude pulsational origin of very slow period changes. We now proceed to compare the rates we determined with the values calculated for different sequences of stellar models. The comparison is done in the (log P, dP/dt) plane. Certainly, with the use of additional data, the comparison would be more constraining but ASAS do not provide any with an adequate precision.
Comparison with predictions from stellar models
In Fig. 9 rates of period changes determined for the ASAS sample of LMC Cepheid are compared with the calculated values obtained from Bono et al. (2000) models at two metal abundance parameters, Z , around the value of Z = 0.008, which is typically assumed for the young LMC objects. We should note that the positive measured rates are between those calculated for the first and third crossing of the instability strip for both values of Z . Since the relative chance for capturing an object during the first crossing is expected much lower than during the third crossing, this may suggest that the calculated rate for the third crossing is somewhat low. As for the negative rates, the agreement with the calculated rates at Z = 0.0043 is good but at Z = 0.012 the calculated rates are again somewhat lower than measured. Pietrukowicz (2001), who also compared his determinations with rates inferred from Bono et al. models, concludes that this comparison revealed "a crude agreement". Unfortunately, the calculated numbers cover only the short period part of our sample.
To cover the whole range of periods, we used data from evolutionary tracks calculated by Fagotto et al. (1994) and Schaerer et al. (1993) . The data do not include pulsation periods and, thus, we calculated them with our code for envelope models with the surface parameters taken from the tracks. The models are rather scarce in time, therefore we determined only ages and periods interpolated at the ends of the instability strip crossings. We approximated the values of effective temperatures at the blue and red ends of the instability strip with the linear relations, log T eff,blue = 3.803 − 0.045[log(L/L ⊙ ) − 3] and log T eff,red = 3.740 − 0.060[log(L/L ⊙ ) − 3], respectively, which are based on nonlinear pulsation models calculated by Smolec and Moskalik (2008) . For these models, only one rate for each crossing is given in . The bars at a given rate extend over the period ranges for the corresponding instability strips. The models were calculated with the same metal abundance parameter, Z = 0.008. The initial He abundance adopted by Fagotto et al. models is by about 5 percent lower than by Schaerer et al. There are differences in the adopted mass loss rate and overshooting from convective cores. In a consequence the period ranges in the corresponding instability strips at the same mass are somewhat shorter in the former models. The rates of period decrease during the second crossing are similar and, especially in the short period range, much lower than we determined from the ASAS data. Let us recall that in this range the measured rates agree quite well with calculated with Bono et al. (2000) models. As we may see in Fig. 10 , the rates of period increase calculated by Fagotto et al. and Schaerer et al. differ quite a lot. In the first case, the mean rate of period change is significantly lower during the third than the first crossing, except at M = 15M ⊙ , when the opposite is true. In the second case, the rates are very similar during these two crossing except at M = 15M ⊙ , when the rate during the third crossing is significantly lower. Our rates of period increase are satisfactorily reproduced with Schaerer et al. (1993) models at log P ≤ 1.7 but at longer periods Fagotto et al. (1994) models do much better. The measured rates of period decrease are somewhat faster than predicted by models from both sources. Bono et al. (2000) models at two indicated metallicity parameters, Z , and indicated initial masses, M , in solar units. The third crossing may be distinguished from the first crossing by the lower rates at specified periods and the longer periods at specified mass. At M = 12M ⊙ there is only one crossing. 
Conclusions
We updated the list of Large Magellanic Cloud Cepheids in the ASAS sample and recalculated their pulsation characteristics and mean magnitudes in the V -band. The current list, which is given in Section 2, contains 65 confirmed objects covering the period range from 8 to 133 days. With these data, we determined the linear PL relation.
Within its large uncertainty, the PL relation from ASAS data does not significantly differ from that determined based on the OGLE data (Soszyński et al. 2008) linearly extended towards longer periods. For the sample of 12 objects with period longer than 40 days we found a flatter dependance which agrees with that determined by Bird et al. (2009) . The large uncertainty is presumably caused mainly by reddening. Unfortunately the scarce data in the I -band did not allow to determine the reddening-free relation employing the Wesenheit index. Hopefully it will be possible in the future and this will help in the interpretation of period changes.
We tried to determine the rates of evolutionary period changes for all 65 objects. However, only for 25 we derived values significant at 1σ level. The uncertainty may arise from measurement errors but it may arise also from non-evolutionary period variations. We argued that the first cause is dominant. Both, negative and positive rates were found. For some of the objects, we could compare the rates with earlier determinations and we find a reasonable agreement.
The derived rates were also compared with the values calculated for stellar models. We noted that the models from different sources yield very different values at similar parameters. The negative rates in the short period range are well reproduced by models in the second crossing phase calculated by Bono et al. (2000) . The positive rates in the short-period range are in good agreement with Schaerer et al. (1993) models but in the long-period range the agreement with Fagotto et al. (1994) models is much better.
